Abstract. Based on patent database of the China State Intellectual Property Office, the study analyzes 75,458 transfer data of patent application rights and patent rights and 238,807 non-public data of patent citations, which are used as proxy variables of technology flow of market-based and non-market-based, respectively, among 30 provinces in China from 2009 to 2015. Random effect models of panel data results indicate that there are regional differences in the impact of technology flow on technological specialization. Under the conditions of market-based (rent spillovers), the technological specialization of regions with high technology knowledge stock are more positively affected by technology flow, but regions with low technology knowledge stock are not. While under the conditions of non-market-based (pure knowledge spillovers), there are not significant for both types of regions. Based on the findings of this study, policy implications are discussed.
Introduction
Technological specialization refers to those technologies with relative advantages which is numbers and position distribution of in all technology classifications or technology fields [1, 2] . To a certain extent, technological specialization reflects the knowledge creation ability, competence or core competitive advantage in a specific technological field of a country, region or firm [2] [3] [4] [5] [6] . Hence, the research on the realization mechanism and innovative function of it has been continuously concerned by scholars of strategic management and technological innovation [4, 5, 7, 8] .
There are three important perspectives on the study of the influencing factors of technological specialization. First, research from the perspective of market demand and intermediate service support [2, 9, 10] . Second, research from the perspective of macro environment, such as national innovation system and comparative institutional advantages of a country, etc. [5, 8, 11] . Third, research from the perspective of the micro carrier role [3, 5, 12] . Though the effect of technological specialization on countries' technological profile and firms' innovation has recently been highlighted in the extant literature, the empirical research on the factors that affect technological specialization at regional level are still limited.
This study fills the voids by developing a new important perspective on above by using the statistical data of the transfer of patent application rights and the transfer of patent rights from China State Intellectual Property Office (SIPO). We focus on the effect of technology flow on technological specialization at the regional level. There are three reasons for this. First, in the context of globalization, most of the interaction of innovative activities occurs at the regional level within a country [13, 14] , especially typical for China. Second, with the facilitation of transportation and information technology, the free mobility of technology resources is increasingly strengthened, which might, to some extent, affect regional technological specialization. Third, the technological specialization may lead to the formation of regional division of innovative labor [15] , which means a region might focus on its comparative advantage fields of technology, but purchases peripheral technologies from specialized market in other regions. The results will benefit all parties, promote the effective use of resources and increase the overall social welfare of the society [16, 17] .
In this study, we will unravel the impact of technology flow on technological specialization of different types of regions within a country, which are not mentioned in previous research. We take China as a sample, because there are huge disparities exist in Chinese provinces in terms of natural endowments, economic, social, and technological development, and innovation capabilities [18, 19] . Thus, the great differences of technology flow and specialization in different types of regions are helpful to unravel the relationship between them.
The study is divided into four sections. The next section explains the statistical methodology adopted. Section 3 reports the results of the regressions and Section 4 closes with some general considerations for technological policy.
Data and Variables

Data
The statistical and econometric analysis of this study is based on the use of patent application statistics as a proxy for the underlying pattern of technological activities of regions and we take 30 provincial administrative units within China as regional boundary. Patent statistics have been shown that they can be useful indicators of technological activities in many works [8, 20, 21] . The patent application statistics are derived from the patent database of the China State Intellectual Property Office (SIPO). According to IPC8 -Technology Concordance published by the World Intellectual Property Organization (WIPO) [1] , we assigned the 4 bits IPC main classification code of patent applications for inventions of each province to 35 sector technology field. After classification and addition, the quantitative distribution of patents in 30 provinces in 35 sector technology fields is obtained and can be used to measure technological specialization of regions.
The measurement of technology flow in our study is also derived from the statistical data of the transfer of patent rights in the patent databases of SIPO, including the transfer of patent application rights and the transfer of patent rights. With the transfer of the patent right, the name and address information of the patent owner will be changed, which will be recorded in the legal status information on the patent database of SIPO. By retrieving the address change information of the patented (application) right holder, a total of 75,458 patent transfer data for 30 provinces of China was retrieved from 2009 to 2015. We also get 238,807 non-public data of patent citations from SIPO. We exclude the data of the local patent transfers. Additionally, the other supporting data on China's macro-economy was collected from China Statistical Yearbook and Chinese Scientific and technological Statistics Yearbook.
Before this study is carried out, we will distinguish the different types of regions according to their stock of the technology knowledge, which reflects the technological innovation potential [22] and absorptive capacity [23] . We divide two types of regions according to the number of valid patents owned by each province being more than 90000 pieces until 2015, we get 15 provinces as regions with high stock of technology knowledge (H-Region), including Beijing, Shanghai, Jiangsu, Zhejiang, Guangdong, Shandong, Anhui, Sichuan, Fujian, Henan, Hubei, Hunan, Tianjin, Liaoning and Chongqing. There are a total number of valid patents are 3,500,389 items in the 15 provinces, which account for 89.35% of the whole country. The other 15 provinces as regions with low stock of technology knowledge (L-Region), including Hebei, Shanxi, Inner Mongolia, Jilin, Heilongjiang, Jiangxi, Guangxi, Hainan, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang, which the number of valid patents only accounts for 10.65% of the total.
Dependent Variable
Technological specialization. Following previous studies [4, 5, 11] , we use the coefficient of variation (CV) of the revealed technological advantage (RTA) to be a measure of technological specialization of a region. The RTA index of a region in a particular technological sector is given by the regional share of patenting in that particular sector divided by its national share of total patenting in all sectors. The formula for the calculation of RTA is as follows,
where P ij is the number of patents of region i in sector j. The formula shows that the RTA index of region i in a particular technological sector j is given by the national share of patenting in that particular sector divided by the national share of patenting in all sectors. The index varies around 1. A value above 1 shows the region with a comparative technological advantage in a particular sector (i.e. technological specialization), while a value below 1 shows the region with a comparative technological disadvantage (i.e. technological de-specialization). Based on the RTA index of technological advantage the coefficient of variation (CV) of the RTA is a measure of technological specialization of the region i,
A high CV i indicates that the region i concentrates its competencies in narrow areas or niches, whereas a low CV i points towards regions i spreading out their competencies across a larger canvas of technologies.
Independent Variables
Technology Flow. Technology flow is one of the important mechanisms of knowledge spillovers. Griliches (1992) distinguished knowledge spillovers into rent spillovers and pure knowledge spillovers. Rent spillovers are market-based knowledge spillovers, while pure knowledge spillovers are non-market-based spillovers [22] . As there are two directions in regional technology flow, which includes outward and inward flow, we take the regional patent selling (SELL) and cited patent (CITED) as the proxy indicators of technological outward flow of market-based and non-market-based respectively. Similarly, we also use the regional patent buying (BUY) and patent cites (CITED) as the proxy indicators of technological inward flow of market-based and non-market-based respectively.
Controlled Variables
The control variables are variables that are not the focus of this study, but may affect the results of this study. According to the existing literature [2, 5, 7, 24] , we include regions' R&D investment (RD) and region' foreign direct investment (FDI) as control variables, in order to control the effect of both variables on regional technology progress, and use GDP deflator to eliminate the effect of price factors. Table 1 While under the conditions of non-market-based (pure knowledge spillovers), the coefficients of CITED in both Model 2 and Model 4, as well as the coefficients of CIT in both Model 6 and Model 8 are all not significant in two types of region. These results indicate that there are no significant effect of the technology flow on regional technological specialization in H-Regions and L-Regions in terms of non-market transactions. 
Results
Conclusion and Discussion
In the context of globalization, how does the free flow of technologies and knowledge affect regional specialization? This study empirically investigates the effects of technology flow on technological specialization at regional level. An econometric analysis based on panel data of 30 Chinese provinces from 2009 to 2015 suggests, under the conditions of market-based (rent spillovers), there is a statistically significant positive effect on the relationship between technology flow and technological specialization for H-Regions, but L-Regions not significant. While under the conditions of non-market-based (pure knowledge spillovers), not significant for both types of region.
The purpose of different external technology sourcing strategies is to get access to technologies that are embedded in other acts [25] . In this process, absorptive capacity is undoubtedly the most important [23] . The stock of regional technological knowledge reflects the state of knowledge production, the potential of technological innovation [22] and the absorptive capacity [23] to new technological knowledge. With much stronger absorptive capacity and recombination of knowledge in technological innovation [26] , it becomes easier for H-regions to strengthen their specialization and competence than L-regions. But for the absorption and transformation of pure knowledge spillovers, the results might be more indirect. That is, the overflow knowledge and existing knowledge elements has to go through the process of reorganizing [26, 27] , before it could be applied to technological development practice. Therefore, pure knowledge spillovers might do not have direct effects as rent spillovers.
What we find may be interesting and valuable for policy makers. Firstly, we suggest central government attaches great importance to the specialization of regional technology, which will fertilize regional comparative technological advantages and regional division of innovative labor, optimize the allocation of R&D resources and reducing waste. Secondly, governments should increase policy support to enlarge technological market transactions, and thirdly, in the meantime, increase technology accumulation of L-Regions, which can help them improve the absorptive capacity. The main policies are still to increase the policy guidance and incentives for R&D investment by firms in the region.
We acknowledge this study has some limitations. Currently, only a limited number of empirical studies analyzed technological transaction, due to the lack of comprehensive data sets and to the scarcity of information on the contractual terms of such transaction [28], so we have to use patent transaction as a proxy of technological transaction. But patent transaction might not capture all information of technological transaction. We believe that if data conditions were improved, more interesting topic related to this paper would be discussed in future research.
